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NEGATIVE RESISTANCE CIRCUIT 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an improved circuit 

construction techniques of a negative resistance circuit. 
Description of the Related Art 

[0002] Since a negative resistance circuit is utilized to 

improve Q of a tuning circuit, to compensate transmission loss 
of a transmission line and to constitute an oscillation circuit, 
it requires that design is easy, circuit construction is simple 
and it operates stably to high frequency. 

[0003] A conventional negative resistance circuit employs 

various construction but each of them has the following defects . 
[0004] Firstly, in a negative resistance circuit using a 

negative resistance element such as an ESAKI diode a desired 
resistance value can not be set. 

[0005] Nextly, there is a negative resistance circuit using 

a multivibrator circuit wherein a loop gain is set not to 
oscillate the multivibrator circuit by inserting a resistor 
into an emitter circuit thereof but since gain of an internal 
amplifier therein can not be made large, a set negative 
resistance value thereof is easily influenced by means of change 
of temperature, source voltage, etc. 

SUMMARY OF THE INVENTION 
[0006] The object of the present invention is to provide 

a negative resistance circuit which is not influenced by means 
of change of temperature, source voltage, etc. , and further has 
simple circuit construction in order to solve defects of a 
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conventional circuit described above. 

[0007] In order to attain the above object, a negative 

resistance circuit of the present invention comprises 
subtracting means to which an input signal is applied, 
amplifying means for amplifying an output signal of the 
subtracting means, positive feedback means for positively 
feeding back an output signal of the amplifying means to an input 
of the subtracting means , dividing means for dividing the output 
signal of the amplifying means , and negative feedback means for 
negatively feeding back a divided output signal of the dividing 
means. Further, in the negative resistance circuit, dividing 
ratio of the dividing means and amplification factor of the 
amplifying means are set to provide negative resistance between 
an input of the subtracting means and earth. 

[0008] The negative resistance circuit of the present 

invention can employ the following constructions. 

(1) The subtracting means is constituted by a 
collector-emitter dividing type amplifying circuit comprising 
of a npn transistor, and the amplifying means is constituted 
by an emitter earth type amplifying circuit comprising of a pnp 
transistor. The input signal is applied to a base of the npn 
transistor and a collector output thereof is connected to a base 
of the pnp transistor to take out it as said output signal. 
[0009] (2) The subtracting means is constituted by a 

collector -emitter dividing type amplifying circuit comprising 
of a pnp transistor and the amplifying means is constituted by 
an emitter earth type amplifying circuit comprising of a npn 
transistor. The input signal is applied to a base of the pnp 
transistor and a collector output thereof is connected to a base 
of the npn transistor to take out it as said output signal. 



[0010] (3) The subtracting circuit is constituted by a 

collector-emitter dividing type amplifying circuit comprising 
of a first transistor and the amplifying means is constituted 
by an emitter earth type amplifying circuit comprising of a 
second transistor. The input signal is applied to a base of 
the first transistor and a collector output thereof is connected 
capacitively to a base of the second transistor to take out it 
as said output signal. 

[0011] (4) The subtracting means is constituted by a 

drain- source dividing type amplifying circuit comprising of a 
first FET transistor and the amplifying means is constituted 
by a source earth type amplifying circuit comprising of a second 
FET transistor. The input signal is applied to a gate of the 
first FET transistor and an output thereof is connected to a 
gate of the second FET transistor to take out it as said output 
signal . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] Fig. 1 is a block diagram showing basic functional 

circuit construction of a negative resistance circuit of the 
present invention ; 

[0013] Fig. 2 is a circuit diagram showing an embodiment 

of the present invention; 

[0014] Fig. 3 is a circuit diagram showing other embodiment 

of the present invention; and 

[0015] Fig. 4 is a circuit diagram showing further other 

embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0016] Fig. 1 is a block diagram showing a basic functional 
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circuit construction of a negative resistance circuit of the 
present invention and reason that thin circuit provides a 
negative resistance will be explained as follows. In Fig. 1, 
1, 2 are input terminals of a negative resistance circuit, SUB 
is a subtracting circuit, A is an internal amplifier having 
amplification factor A, P is a voltage divider having voltage 
dividing ratio |3 of an output voltage, 3, 4 are output terminals 
of an amplified output of the negative resistance circuit, Ii 
is an input current, Vi is an input voltage, V2 is the output 
voltage, p is a positive feedback: path and n is a negative 
feedback path. 

[0017] In a circuit having construction of Fig. 1, the 

following equation is realized. 

Ii=(Vi-V 2 )/Ri (1) 
V2=(Vi-V 2 (3)A (2) 
[0018] From the equations (1) and (2) an input resistance 

Rn when seeing from the input terminals in right direction is 
represented by the following equation (3). 

*fi±4B (3 ) 

/1 (l + A(3)-A 

[0019] Therefore, if the circuit is set so as to realize 

the following equation (4), Rn becomes a negative resistance. 

(1+APXA (4) 
[0020] That is, if the voltage dividing ratio (3 of the 

voltage divider and the amplification factor A of the internal 
amplifier is set so as to satisfy the equation (4) , the negative 
resistance Rn can be realized between the input terminals 1, 
2 . 

[0021] Figs. 2 to 4 show embodiments of the negative 

resistance circuits of the present invention respectively. In 
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the embodiment of Fig. 2, Qi is a npn transistor of a first stage 
to constitute a collector-emitter dividing type amplifying 
circuit corresponding to the subtracting circuit and Q2 is a 
pnp transistor of a second stage to constitute an emitter earth 
type amplifying circuit corresponding to the internal amplifier. 
The input signal from the input terminals 1, 2 are applied to 
a base of the transistor Qi and a collector output of Qi is 
connected to a base of Q2 directly. 

[0021] The collector output of the transistor Q2 is 

positively fed back to the base of Qx through the positive 
feedback path p. Also, the collector output is negatively fed 
back to the emitter of the transistor Qi through the negative 
feedback path n and negative feedback quantity (divided 
voltage) is determined by the dividing ratio p of the resistors 
R4, Rs, Re. That is, the resistors R4, Rs, Re constitute said 
voltage divider. 

[0022] If the amplification factor A of the emitter earth 

type amplifying circuit (Q2) and the dividing ratio p of the 
voltage divider are set so as to satisfy the equation (4), the 
negative resistance Rn can be obtained between the terminals 
1, 2. According to this construction sufficient amplifying 
gain and broad band characteristic are obtained surely by the 
emitter earth type amplifying circuit (Q2) . 

[0023] In the embodiment of Fig. 3, a transistor Q'i 

constituting a collector-emitter dividing type amplifying 
circuit and a transistor Q'2 constituting an emitter earth type 
amplifying circuit are npn transistors. A collector output of 
the transistor Q'i is coupled with a base of the transistor Q'2 
through Ci and the other construction is the same as that in 
Fig. 2. 
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[0024] In the embodiment of. Fig. 4, Q"i is a pnp transistor 

and Q r, 2 is a npn transistor and the other construction is the 
same as that in Fig. 2. Further, in each embodiment bi-polar 
transistors are used but in place of this a field effect 
transistor (FET) may be used. In this case , a collector, abase 
and an emitter of the bi-polar transistor may corresponds to 
a drain, a gate and a source of the field effect transistor 
respectively and an example of the circuit construction is as 
follows . 

[0025] That is, a first stage circuit is constituted by a 

drain-source dividing type amplifying circuit comprising of a 
n channel field effect transistor and a second stage circuit 
is constituted by a source earth type amplifying circuit 
comprising of a p channel field effect transistor. A source 
output of the first stage circuit is connected to an input 
terminal of a negative resistance circuit and a drain output 
thereof is connected to a gate of the second stage circuit 
respectively. A source output of the second stage circuit is 
taken out from the output terminal as an amplified output of 
the negative resistance circuit and the amplified output is 
divided. A divided output is connected to a source of the first 
stage FET transistor through a resistor to constitute a negative 
feedback path. 

[0026] According to the above described construction, a 

negative resistance can be provided at a source terminal of the 
first FET transistor and an amplified output can be obtained 
at a drain output of the second stage FET transistor. 
[0027] As described above, according to the present 

invention, since an internal amplifier having sufficient 
amplification factor can be used, a negative resistance circuit 
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which is not influenced by means of change of temperature and 
source voltage and has simple and broad band circuit 
construction, can be constituted, it can be applied to 
improvement of selectivity of a tuning circuit, an oscillation 
circuit and compensation of loss of transmission characteristic, 
etc . 



